Aims: Calcification in the coronary and aortic arteries has been linked to cardiovascular morbidity and mortality. The pathophysiological influence of aortic artery calcification (AAC) differs from that of coronary artery calcification (CAC). We aimed to compare the relationships between CAC and AAC and cardiovascular disease (CVD) risk factors.
Introduction
In contrast to coronary artery calcification (CAC), limited information is currently available on aortic artery calcification (AAC), although AAC shares vided written informed consent. The study complied with the Declaration of Helsinki and was approved by the Institutional Review Board of Shiga University of Medical Science, Otsu, Japan.
Risk Factor Assessment
A questionnaire was used to obtain demographic information. Physical examinations for the measurements of height, weight, and blood pressure were performed. Body mass index (BMI; kg/m 2 ) was calculated as weight (kg) divided by height (m) squared. Blood pressure was measured twice in a seated position after at least a 5-minute rest and 30-second interval between the first and second readings. The average of two consecutive measures was used. Information on medical history, medication use, alcohol intake per day, and cigarette use per pack year was obtained using a self-administered questionnaire followed by a review by trained research technicians. Hypertension was defined as systolic blood pressure of ≥ 140 mmHg, diastolic blood pressure of ≥ 90 mmHg, or as the use of antihypertensive medication. The definition of diabetes mellitus was fasting glucose ≥ 126 mg/dL, hemoglobin A1c (HbA1c) ≥ 6.1% (Japanese Diabetes Society criteria, which is equivalent to ≥ 6.5% under the National Glycohemoglobin Standardization Program [NGSP] ), or the use of antidiabetic medication 20) . Dyslipidemia was defined as TG ≥ 150 mg/dL, high-density lipoprotein cholesterol (HDL-C) 40 mg/dL, or low-density lipoprotein cholesterol (LDL-C) ≥ 140 mg/dL, according to the 2017 guidelines by the Japan Atherosclerosis society 21) , or the use of dyslipidemia medication.
Laboratory Measurements
Blood samples were obtained from participants by venipuncture after fasting for 12 h. Within 90 min from collection, serum was separated by centrifugation (3000 revolutions/min for 15 min) at 4 . Samples were then sent for routine laboratory tests, including the assessment of lipid profiles and glucose levels. Lipid measurements were standardized according to the protocol of the Centers for Disease Control and Prevention/Cholesterol Reference Method Laboratory Network 22) . LDL-C levels were estimated using Friedewald formula 23) . eGFR was calculated using the Japanese Society of Nephrology equation 24) . HbA1c levels measured in the Japanese Diabetes Society scale were converted to NGSP scale values 25) .
Measurement of CAC and AAC
Detailed methods to assess CAC and AAC have been published elsewhere 19) . Briefly, CAC and AAC were evaluated by electron-beam computed tomogralar mortality in high-risk populations, such as patients with chronic kidney disease 7, 8) . In a general population, AAC has been reported to have a high specificity for the detection of severe coronary atherosclerosis in patients with coronary artery disease 9, 10) . Because of the earlier onset and higher prevalence of AAC than CAC, some studies have suggested AAC to be a better measure of atherosclerosis than CAC 11) . AAC contributes to arterial stiffness in young men and has a different pathophysiological influence from CAC; AAC represents medial or a combination of intimal and medial calcification, whereas CAC represents atherosclerotic intimal calcification 12, 13) . Therefore, related CVD risk factors and their magnitude to AAC may differ from those of CAC.
Discrepancies have been reported in the risk factors associated with AAC 14, 15) . The Multiethnic Study of Atherosclerosis (MESA) showed that the most standard CVD risk factors have stronger relationships with AAC than CAC 16) . However, most studies on the relationships between AAC and cardiovascular risk factors have been limited to Western populations, in which the absolute risk of coronary heart disease (CHD) is higher than that in East Asian populations, particularly Japan 17) . Further studies to clarify whether the relationships between CVD risk factors and calcification in the two vascular beds remain the same or not in a population with a lower risk of CHD may contribute in preventing and elucidating the underlying mechanisms of atherosclerotic disease in Asian countries.
Aim
To examine whether the relationships between CAC and AAC and CVD risk factors differ in Japanese men.
Methods

Study Design and Participants
The aim of the Shiga Epidemiological Study of Subclinical Atherosclerosis (SESSA) is to examine the factors associated with subclinical atherosclerosis. A detailed design of SESSA is described elsewhere 18, 19) . Briefly, between 2006 and 2008, 1094 Japanese men aged 40-79 years were randomly selected from the general population in Kusatsu City, Shiga, Japan. After excluding participants with prior myocardial infarction (n 29), missing data on pack years of smoking (n 9) and triglyceride (TG) levels (n 17), and incomplete computed tomography (CT) images for the assessment of AAC (n 7), 1035 men were included in the present study. All participants pro-tion for CAC and AAC was assessed.
We used two sets of multivariate models; a logistic regression analysis was initially used to assess the odds of having the highest quintile of CAC and AAC per 1 SD higher for continuous risk factors. In logistic regression Model 1, each of the measured potential, conventional, and novel CVD risk factors and use of medication were included, with age and CT type as covariates. To identify whether these risk factors were independently associated with severe CAC or AAC, logistic regression models were simultaneously adjusted for all the risk factors shown in Model 1. To avoid collinearity, raw data variables, such as systolic blood pressure, HDL-C, LDL-C, and TG, were arbitrarily selected among blood pressure variables and blood lipid variables together with their medications to be included in the model. Interactions for age with CVD risk factors were examined. Differences in ORs between CAC and AAC were examined using a generalized estimating equation 28) . A multiple linear regression was then used with log (CAC 1) or log (AAC 1) as the dependent variable. Because the natural logarithms of CAC and AAC were used, 1 was added to each score to include individuals with zero values for CAC and AAC. As a supplementary analysis, we performed a multivariable logistic regression model to compare the zero versus non-zero CAC and zero versus non-zero AAC groups.
Analyses were performed using SAS 9.4 (SAS Institute, Cary, North Carolina) and two-tailed p values of 0.05 were considered as significant. Table 1 shows the distribution of potential risk factors stratified by the lower four quintiles and the highest quintile of CAC and AAC. Participants in the highest quintiles of CAC and AAC were older and had significantly higher blood pressure, HbA1c, C-reactive protein (CRP), and pack years of smoking. The prevalence of hypertension, diabetes mellitus, and the use of their respective medications along with lipid-lowering medication was significantly higher in the highest quintiles of CAC and AAC. eGFR was significantly lower for participants in the highest quintile for both CAC and AAC. BMI, HDL-C, LDL-C, TG, uric acid, and hypercholesterolemia were not significantly different for CAC and AAC. Fig. 1 shows the distribution of the presence of CAC and AAC (Agatston score 0) among the decades of age. The prevalence of calcification was higher in the older age group in both arterial beds. phy (EBCT) using a C-150 scanner (Imatron, South San Francisco, CA, USA) or by 16-channel multidetector row computed tomography (MDCT) using an Aquilion scanner (Toshiba, Tokyo, Japan). CAC and AAC lesions were considered to be present when three contiguous pixels (1 mm 2 ) with an attenuation of ≥ 130 Hounsfield units (HU) were identified. We placed a region of interest around each high-density lesion in the epicardial coronary arteries and a computer-driven measurement of the lesion area and its maximum density were recorded. Images were obtained from the level of the aortic root through the heart at every 3-mm slice to evaluate CAC and from the aortic arch to the iliac bifurcation at every 6-mm slice for EBCT and 7-mm slice for MDCT to evaluate AAC, with a scan time of 100 ms (EBCT) or 320 ms (MDCT).
Results
Characteristics of Study Participants and Changes in CAC and AAC with Age
Agatston scores were obtained by multiplying the pixel area (mm 2 ) by the density score (1, 130-199 HU; 2, 200-299 HU; 3, 300-399 HU; and 4, 399 HU) depending on the highest density measurement (HU) anywhere in the plaque, and summing all lesion scores. We acquired images for all participants at 70% of the cardiac cycle using electrocardiogram triggering during a single breath-hold. Tube voltages for Agatston scores were 130 kV for EBCT and 120 kV for MDCT. Readings of CT images were performed by trained physicians who were blinded from the clinical information of the participants. The cut-off point for the severity of calcification was assessed by quintiles of the calcium score per arterial bed. Although calcium scores of 100, 300, 400, and 1000 have been reported as clinically important cut-off points for CAC 26, 27) , cut-off points for AAC have not yet been established.
Statistical Analysis
Data were analyzed by quintiles of CAC and AAC scores with the highest fifth quintile (Q5) compared to the lower four quintiles (Q1-Q4) in all analyses. Participant characteristics are shown as means and standard deviations (SD) or medians and 25th to 75th percentiles for continuous variables. Regarding categorical variables, characteristics are presented as percentages. In comparisons between the characteristics of the highest quintile and lower four quintiles, t-tests, chi-squared tests, and Wilcoxon tests were performed for continuous, categorical, and skewed continuous variables, respectively. In graphical presentations, a frequency of CAC and AAC calcium scores greater than zero was computed as a percentage among age decades and the chi-squared test was performed to assess the statistical significance between Agatston scores per age decade. The distribution of CAC and AAC was plotted graphically and Spearman correla- included simultaneously in the second logistic regression model (Model 2), hence adjusting for each other. After simultaneous adjustments, age, systolic blood pressure, and smoking were independently associated with CAC and AAC. Alcohol intake was independently associated with AAC only. We examined the magnitude of the relationship between CAC and AAC to compare odds ratios, and the results obtained revealed differences in the association patterns of risk factors. Age more strongly associated with the presence of AAC than with the presence of CAC; p 0.001 for the difference in odds ratios. Alcohol intake, BMI, and hypertension medication were associated with the presence of AAC, but not with the presence of CAC; p 0.020, p 0.011, p 0.005, respectively, for the difference in odds ratios. Regarding HDL-C, OR was not statistically significant for each outcome, whereas a difference was observed in the magnitude of the association between the presence of CAC and the presence of AAC (p 0.004). An analysis using continuous variables as non-zeros versus zeros for CAC and AAC provided similar results to the analysis for the quintiles. Results are shown in Supplemental Table 1 . Table 4 shows the results of the multiple linear However, the prevalence of calcification was higher in the aorta than in the coronary artery in all age decades. There was no significant interaction of age in the relationship between CAC or AAC and CVD risk factors. Supplemental Fig. 1 shows the distribution of CAC and AAC in study participants, with percentages in parentheses; 4.4% had CAC only, 23.6% had AAC only, 60% had both CAC and AAC, and 12% had neither CAC nor AAC. Pearson correlation coefficient for CAC and AAC was r 0.46, p 0.0001.
The distributions of Log CAC and Log AAC are shown in Supplemental Fig. 2 .
CAC and AAC Associations with CVD Risk Factors
In Table 2 , after adjustments for the relationship between each potential risk factor and AAC or CAC for age and CT type, the risk factors that did not have a significant association with AAC or CAC were BMI, HDL-C, LDL-C, TG, and eGFR. Age, systolic blood pressure, smoking, and alcohol intake were significantly associated with CAC and AAC. HbA1c and CRP only associated with CAC, whereas uric acid only associated with AAC.
In Table 3 , all the variables in Model 1 were All ORs were estimated by a logistic regression model for quintile 5 in reference to the lower 4 quintiles. All variables were entered in the model simultaneously and the type of CT scan was also included in the model. All continuous variables are per 1 SD higher and skewed variables were log transformed. SD, standard deviation; CAC, coronary artery calcification; AAC, aortic artery calcification; OR, odds ratios; 95% CI, 95% confidence interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CRP, C-reactive protein. LDL-cholesterol levels was calculated using Friedewald formula [LDL-cholesterol (mg/dL) total cholesterol (mg/dL)-HDL-cholesterol (mg/dL)-triglyceride (mg/dl)/5]. eGFR is estimated using the Japanese Society of Nephrology equation "194 Serum creatinine 1.094 Age 0.287 ". TG, CRP, and alcohol were log transformed. p is the p value for the difference in the odds value. The model was adjusted for all variables in the table and diabetes, hypertension, and lipid medications. SD, standard deviation; CAC, coronary artery calcification; AAC, aortic artery calcification; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CRP, C-reactive protein. LDL-cholesterol levels were calculated using Friedewald formula [LDL-cholesterol (mg/dL) total cholesterol (mg/dL)-HDL-cholesterol (mg/dL)-triglyceride (mg/dL)/5]. eGFR was estimated using the Japanese Society of Nephrology equation "194 Serum creatinine 1.094 Age 0.287 ". TG, CRP, and alcohol were log transformed. cholesterol (LDL-C 160 mg/dL) (data not shown) were included in the model. One reason that may explain the lack of an association with known risk factors is our study population was community-based and, thus, may include individuals with less advanced dyslipidemia and diabetes mellitus, resulting in weaker relationships. Similar findings to the present results were reported by the population-based Rotterdam study 37) . Other studies reported inconsistent findings regarding the relationship between arterial calcification and lipid profiles [38] [39] [40] . Therefore, higher powered studies to clarify the relationship between serum lipids and CAC and AAC are needed.
We identified systolic blood pressure as an independent risk factor for CAC and AAC. Other studies have also found a relationship between blood pressure and CAC 2, 30, 40, 41) . A positive relationship between blood pressure and AAC has also been reported 2) . We found no independent significant association between HbA1c and calcification in either arterial bed. A study on conventional coronary artery disease risk factors and CAC detected by EBCT in 30,908 healthy individuals showed a relationship between diabetes and CAC in men and women 41) . A relationship between fasting glucose and CAC in women only has also been reported 42) . However, no relationship between fasting glucose and CAC or AAC was noted in postmenopausal women 38) . The present study demonstrated that BMI was inversely associated with AAC, but not with CAC. Previous studies also reported this inverse association in men and women 2) , whereas others have shown positive associations with CAC 42, 43) or no relationship between arterial calcification with obesity in men 16) . CAC was not associated with BMI in men and women 40) , whereas AAC was not associated with BMI in women 38) . These differences may be because of variations in study population characteristics, such as age, gender, and ethnicity. Our study participants were lean with a mean BMI of 23.5. Previous studies suggested that the relationship between CHD and BMI is mediated by other CVD risk factors 44) . More studies are needed to clarify this relationship, particularly in a lean population, because most of the reported relationships were conducted on Western populations who are more likely to be obese than Asians 43) . Novel risk factors were not independently related with either of the vascular beds; however, uric acid was significantly associated with AAC and CRP with CAC after age adjustments. The significance of these relationships was lost after accounting for traditional CVD risk factors. We found that CRP was not associated with calcification, consistent with previous findings showing no relationship between CRP and regressions as coefficient estimates per SD change. Risk factors predicted the extent of calcification in participants. These results were consistent with those shown in Table 3 . However, a difference was observed in the relationships between BMI and CAC and that between LDL-C and CRP and AAC. r 2 was larger for the log (AAC 1) model (0.49) than for the log (CAC 1) (0.23) model.
Discussion
In this cross-sectional study on community-based Japanese men, similarities in CVD risk factor associations were observed between the two measures of calcification; however, these relationships were not entirely consistent. We found that age, alcohol, and hypertension medication were more strongly related to severe AAC than to severe CAC. In studies from Western countries, age and smoking were more strongly associated with AAC than with CAC 16, 29, 30) . Although p value for the difference of smoking showed a statistical significance marginally, the present results are consistent with these studies. Our results suggest that lifestyle modifications in alcohol intake and smoking are more effective for preventing AAC in Japanese individuals. To the best of our knowledge, this is the first study to compare differences between CAC and AAC assessed by CT in relation to their associations with CVD risk factors in a general population in Asia.
Studies on AAC and alcohol are limited, and alcohol intake was positively associated with AAC in the present study. A previous study reported similar findings to the present results regarding the dose response between alcohol intake and the severity of AAC 31) . A recent study on Japanese men found that light to moderate consumption of alcohol reduced mortality from aortic diseases; however, this was not the case for heavy drinkers 32) . Regarding CAC, study results are not consistent. The CARDIA study reported a positive association between alcohol intake and CAC 33) . Previous studies also found an inverse relationship between alcohol intake and CAC 34) , suggesting a protective association. MESA did not identify any protective association between alcohol intake and CAC, but found that CAC was more prevalent in heavy hard liquor drinkers 35) . Even if a protective association exists with alcohol consumption, it was shown to be independent of CAC 36) . Thus, the suggested protective effects of alcohol on CHD or other diseases may be mediated through other mechanisms that are not related to arterial calcification.
We did not find relationships between CAC or AAC and serum lipids when categorical variables of
Conclusion
In a community-based sample of Japanese men who were free of clinical CVD, calcification in the coronary and aortic vascular beds showed similar associations with the CVD risk factors investigated; however, the strengths of these associations were slightly greater overall for AAC than for CAC.
. There were consistencies in the relationships between the model investigating the relationships between risk factors and the continuous distribution of CAC and AAC (Table 4) , as well as the categorical model ( Table 3) . AAC has an impact on medical and surgical treatments because it impairs the outcomes of aneurysmal repair and aortic stenting 47) . Thus, the early detection of AAC is important because of its clinical implications. Although our study showed similarities in CVD risk factors between the two vascular beds, there were also some differences in the magnitude of their relationships with age, alcohol, BMI, HDL-C, and hypertension medication. A novel insight into the cause of CVDs may be obtained by identifying factors that are unique to a single vascular bed versus those associated with calcification at both vascular beds.
It currently remains unclear why AAC was more strongly related with CVD risk factors than CAC was. This may be attributed to the differences in pathophysiological mechanisms, for example, cigarette smoking has been suggested to be a stronger risk factor for peripheral than central atherosclerosis 16) . The presence of AAC predicts risks for future clinical CVD 1) , which may predict the presence of CAC, and, thus, future clinical CVD. Except for age and alcohol intake, which were more strongly associated with AAC, other risk factors appear to have similar impacts on CAC and AAC. AAC, which is easily detected by plain X-ray, may be used to detect arterial calcification. The predictive values of CAC and AAC for CVD events need to be compared in future research.
The prevalence of AAC and CAC was previously reported to be lower in Japanese than in Caucasians and Japanese Americans 48, 49) . CAC scores were also found to be higher in men than in women 50) . Because our population was only men from Japan, our results may not be generalized to women or populations outside Japan, which is a limitation of the present study.
A strength of the present study is that we investigated the relationships between CVD risk factors and CAC and AAC in middle-aged and elderly men, allowing for an assessment over a wide age range. Another strength is that we examined healthy participants who were free of CVD and randomly selected from a community-based sample.
Because of the observational and cross-sectional natures of the present study, the causality and direction of the relationships between CAC and AAC and CVD risk factors may not be proven and, similar to all other observational studies, unknown confounding factors may not be fully controlled. All ORs were estimated by a logistic regression model for the presence of CAC and AAC in reference to zero CAC and zero AAC. All variables were entered in the model simultaneously and the type of CT scan was also included in the model. All continuous variables are per 1 SD higher and skewed variables were log transformed. SD, standard deviation; CAC, coronary artery calcification; AAC, aortic artery calcification; OR, odds ratio; 95% CI, 95% confidence interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CRP, C-reactive protein. LDL-cholesterol levels were calculated using Friedewald formula [LDL-cholesterol (mg/dL) total cholesterol (mg/dL)-HDL-cholesterol (mg/dL)-triglyceride (mg/dL)/5]. eGFR was estimated using the Japanese Society of Nephrology equation "194 Serum creatinine 1.094 Age 0.287 ." TG, CRP, and alcohol were log transformed.
